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Purpose of This PresentationPurpose of This Presentation
• Discuss mosquito surveillance results for 2003

– What do they tell us?
– Lots of graphs and maps attempting to bring simplicity to a complex 

system
• Attempts to change the current system for more efficient processing

– The old way: slow, laborious, costly
– The new way: faster, less laborious, still costly
– Electronic submission and automated processing; how we hope to 

change things for the better
• Why conduct mosquito surveillance?

– It tells us who has the virus and might be transmitting it.
– It can guide mosquito control decisions locally and regionally.
– It can help us to define outbreak thresholds, i.e., infection rates in 

mosquitoes that portend human cases.
– It really shouldn’t be done as a community’s primary “face” to the 

public for a West Nile virus program, nor as the primary surveillance 
tool.  That is what dead crows and VecTest are for.  It can supplement 
other activities, especially with regard to the above list.



How do we do it?How do we do it?
• Mosquitoes are collected from field populations in ways that preserve the 

quality of them and get them, and the records of them, into our hands.
– Mosquito identification, sorting, and “pooling” (i.e., grouping) into 

marked tubes that are associated with a well maintained database.
– Keep everything cold or frozen after collection, if possible.
– Tubes are shipped by a commercial carrier.  [Boxes must be returned 

to sender.]
– The database contains information on location and date of collection, 

method of collection, a unique identity number for each collection and 
each subsample from each collection.  It should be stored in a 
computer database, regularly updated and backed up, and regularly 
summarized.

– Mosquitoes are received.  Package opened, tubes sorted, checked 
against the database, and a new database created and continually
updated as new shipments arrive.  BOTTLENECK 1.

– Mosquitoes are transferred to new tubes with bb’s in them and tubes 
relabeled.  BOTTLENECK 2.

– Reagents are added to tubes, tubes placed into blocks and a mixer 
mill, and they are crushed (old way was a few tubes at a time.  In mid-
summer 2003 we shifted to a mixer mill).



How do we do it?How do we do it?
• Continuing

– RNA is extracted from the crushed pools.  Formerly, by hand.  Very 
slow, costly, consumes reagents and tubes.  Five tube changes per 
sample in a safety hood.  SERIOUS BOTTLENECK 3.

– Post season 2003, we have obtained an automated RNA extraction 
system courtesy of the MDCH laboratories.  REDRESSES 
BOTTLENECK 3.

– Conduct the PCR.  Through 2003, we did this by standard PCR and 
gel electrophoresis to reveal positive pools.  SERIOUS BOTTLENECK 
4.

– We have now adopted quantitative PCR at the MSU genomics facility, 
and no gel electrophoresis.  REDRESSES BOTTLENECK 4.

– Gels were read and positives and negatives recorded into the 
computer database.  SERIOUS BOTTLENECK 5.

– With quantitative PCR, we have the opportunity to retrieve the results 
automatically and have them dumped into the database without re-
entering the data.  THIS POTENTIALLY REDRESSES BOTTLENECK 
5.

– Notify submitters of results.



Reverse transcription PCR
detection of WNV in
field caught mosquitoes
from Michigan

THE OLD WAY



Quantitative PCR amplification of WNV naturally infected
mosquitoes in Michigan: The new way

Threshold



2003 Mosquito Surveillance 
Results

2003 Mosquito Surveillance 
Results

927119Cass
892113Lenawee
842110Wayne
824109Kent
65870Muskegon
28547Barry
27145Macomb
24127Arenac
13413Washtenaw
164Calhoun
51Lapeer

Total tested per countyNo. pools per countyCounty



2003 Mosquito Surveillance 
Results, continued

2003 Mosquito Surveillance 
Results, continued

8875874Saginaw

8432713Bay

3292364Isabella

4082346Oakland

3166229Ingham

3594272Midland

3705293Genessee

3697289Ottawa

2547163Tuscola

1748156Livingston

1763159Monroe



2003 Mosquito Surveillance 
Results, continued

2003 Mosquito Surveillance 
Results, continued

20313355915630TOTALS

POOLS   Mosquitoes   Positives



2003 Mosquito Surveillance 
Results, “Aedes”

2003 Mosquito Surveillance 
Results, “Aedes”

001307AedesTuscola
0037444AedesOttawa
0033AedesOakland
001658AedesMuskegon
0041AedesMonroe
0044AedesMacomb

2.8070184142581AedesLivingston
00355AedesLenawee
007979AedesIsabella
0094AedesGenessee
00343AedesCass
00296AedesCalhoun
00284AedesBarry
00323AedesArenac

MIRNo. posTotal testedNo. poolsSpeciesCounty



2003 Mosquito Surveillance 
Results, Anopheles

2003 Mosquito Surveillance 
Results, Anopheles

0090982Anopheles Oakland
00163873Anopheles Monroe
007810Anopheles Midland

3.344482389772Anopheles Livingston
00154Anopheles Lenawee
0041Anopheles Lapeer

0.65963111516138Anopheles Genessee
0030625Anopheles Bay
00133Anopheles Barry
0052Anopheles Arenac
00263AnophelesWayne
00584AnophelesWashtenaw
0054AnophelesOttawa
0011AnophelesMacomb



2003 Mosquito Surveillance 
Results, Oc. canadensis

2003 Mosquito Surveillance 
Results, Oc. canadensis

00263CanadWayne

0069590CanadSaginaw

0032CanadMuskegon

001117CanadMidland

0022CanadMacomb

00700700CanadIsabella

0011CanadGenessee

0032CanadCass

4.01248392243113CanadBay

00203CanadBarry

0011CanadArenac



0016811CulexWayne
00142CulexWashtenaw
002575143CulexTuscola
007528CulexOttawa

3.047802196234427CulexOakland
0032CulexMuskegon
0018712CulexMonroe

0.24783114035283CulexMidland
4.282655246758CulexLivingston

008618CulexLenawee
0052CulexLapeer
00411411CulexIsabella

0.80906111236274CulexIngham
0056888CulexGenessee
0022CulexCass

0.67716345907521CulexBay
00445CulexBarry
0053CulexArenac



0021Pip/ResWayne

00294Pip/ResWashtenaw

1.80995521105108Pip/ResOakland

00196Pip/ResMuskegon

00155Pip/ResMonroe

001249Pip/ResMacomb

00327Pip/ResLenawee

6.134969116330Pip/ResGenessee

0054Pip/ResCass

00236Pip/ResCalhoun

00395Pip/ResBarry

0052Pip/ResArenac

2003 Mosquito Surveillance Results, Culex “Pip/Rest”



2003 Mosquito Surveillance Results, Culex pipiens

48.7804924116PipiensWayne
2.0678251572541077PipiensSaginaw
1.1299441885115PipiensOttawa
11.07011327150PipiensOakland

00204PipiensMuskegon
005613PipiensMacomb
0011PipiensLenawee
002314PipiensKent
0011PipiensIsabella
0099PipiensIngham
0052PipiensGenessee
00199PipiensBay
0021PipiensBarry
0011PipiensArenac



2003 Mosquito Surveillance Results, Culex restuans

39.4736837619RestuansWayne

0021RestuansTuscola

4.7726173562603RestuansSaginaw

0022RestuansOttawa

2.8409092704102RestuansOakland

0063RestuansMuskegon

002411RestuansMacomb

003121RestuansKent

002214RestuansIngham

004415RestuansGenessee

0093179RestuansBay

0011RestuansArenac



2003 Mosquito Surveillance Results, Aedes vexans

0077398VexansGenessee
00175VexansCalhoun

0.428755613994744VexansBay
00397VexansBarry
00137137VexansIsabella
0015539VexansIngham
0049256VexansOttawa

1.3879252144173VexansTuscola
00356VexansCass

6.024096116639VexansKent
0037323VexansMuskegon
003018VexansMacomb
0010714VexansArenac
001189VexansWashtenaw
0051VexansLapeer



2003 Mosquito Surveillance Results, Aedes vexans, continued

4.347826123028VexansWayne

3.8913649125921289VexansSaginaw

1.2870011777112VexansOakland

3.144654131820VexansMonroe

002398177VexansMidland

0022VexansLivingston

009812VexansLenawee



2003 Mosquito Surveillance Results, Coq. perturbans

00254254PerturbansIsabella
0032041PerturbansGenessee
008214PerturbansCass
00566PerturbansCalhoun

1.05263243800247PerturbansBay
0011811PerturbansBarry
00243PerturbansArenac
00171PerturbansWashtenaw
0042541PerturbansOakland
0082PerturbansMonroe
0024822PerturbansLivingston
0013427PerturbansGenessee
00184PerturbansArenac



2003 Mosquito Surveillance Results, Coq. Perturbans, continued

00655PerturbansWayne

0061PerturbansWashtenaw

0047628PerturbansTuscola

4.838713620117PerturbansSaginaw

0075PerturbansOttawa

0027443PerturbansOakland

00218PerturbansMuskegon

00437PerturbansMonroe

0076361PerturbansMidland

0011PerturbansMacomb

00496PerturbansLenawee



2003 Mosquito Surveillance Results, Oddities of concern

2.392344283640WalkeriMonroe

4.5146732443161WalkeriSaginaw

7.62711991180207SticticusSaginaw

11.142064359121Stim/FitchSaginaw

11.869444337213PunctSaginaw

13.029324307148TrisSaginaw

13.96648535891StimSaginaw

16.9491515911TrivittatusOakland

43.4782612315InornataBay

66.6666711510ProvocansSaginaw

142.8571172Stim/FitchMonroe

MIRNo. pos
Total 
testedNo. poolsSpeciesCounty



What are we learning?What are we learning?

• WNV is widespread in Michigan mosquitoes, in 
many different areas, at low to high infection 
rates

• The “right” species are infected, i.e., the Culex 
species, and in some places at alarmingly high 
infection rates

• Other species are also infected.  What does it 
mean?
– Bridge vectors?
– Infected but not infectious?
– Transovarial transmission?



Quantitative PCR amplification of WNV naturally infected
mosquitoes in Michigan

Highly infected pools

Pools with virus at
barely detectable levels









Quantitative PCRQuantitative PCR

• Rapid, reasonably priced, potential for 
automated data reporting, low error rate, 
high sensitivity and specificity

• Can provide a quantitative estimate of the 
amount of virus in a “positive pool;” this 
could help with interpretation of the 
results.  Pools with “low virus” may not be 
meaningful to vector status.



Automated RNA extractionAutomated RNA extraction

• Rapid, reasonably priced, low 
contamination rate, moves to quantitative 
PCR quickly; technician time intensive

• You can help!  How?
– Send in pools in prelabeled extraction tubes 

with mosquitoes and bb’s already in them
– Send by email attachment an Excel database 

of the submitted pools with standardized 
variable fields (columns) and standardized



Implementing New Standards in 
Mosquito Submission and Processing

Implementing New Standards in 
Mosquito Submission and Processing

• Historically
– No universal guidelines governing the 

submission of mosquito pools for screening
• Limited capacity
• Reasons

– Increased surveillance and submissions
– Time consuming molecular and serologic 

methods
– Lack of uniform submission guidelines
– Bottlenecks in results reporting



Increasing SubmissionsIncreasing Submissions
• Historically, MDCH, MSU, and MDA have supported 

targeted mosquito surveillance activities for endemic 
diseases such as St. Louis Encephalitis and Eastern 
Equine Encephalomyelitis.

• With the emergence of WNV in 1999 (New York) 
and the subsequent 2002 outbreak in Michigan, 
public health and mosquito abatement have become 
increasingly involved in surveillance, control, and 
public education.

• The demand has risen for mosquito screening from 
~2000 mosquito pools in 2001, to over 15,000 by 
2003.



Submission of SpecimensSubmission of Specimens

• Tubes are pre-labeled and have bb’s
• Boxes have a return FedEx slip
• Specimen numbers are standardized and 

unique
• Database is uniform among all sample 

submitters
• The database is submitted by email 

attachment



THANK YOU!THANK YOU!

• This is a collaborative interagency 
program

• It is worthwhile because we learn what is 
going on out there

• Please try to help us make the system 
better

• We would like a list of 2004 submitters; 
the season is coming up


